The article discusses the steady motion of a rigid disk of finite thickness rolling on its edge on a horizontal plane under the influence of gravity. The governing equations are presented and two cases allowing for a steady state solution are considered: rolling on consistently rough ground and rolling on perfectly smooth ground. The conditions of steady motion are derived for both kinds of ground and it is shown that the possible steady motion of a disk is either on a straight line in a circle. Also oscillations about steady state are discussed and conditions for stable motion are established.
3 equation of motion of the body of revolution by putting the radius of curvature at zero. This was done by Webster ([18] ). But apparently, beside the Kessler and O'Reilly ( [3] ) numerical simulations of the motion of a disk, no study of steady motion was done. The purpose of this paper is to fill this gap.
Equations
Consider a rigid homogeneous disk moving on a horizontal plane in the homogeneous gravity field. The disk radius is a, height 2 . Note that for a greater h the disk becomes a cylinder and eventually a bar; but the term disk will be used for all cases. 
where t is time. Here is the angular velocity of spinning of the system C Ω xzy around , and -axis Z ω is the angular velocity of rotation of the disk around -axis η .
When they are given, from (2), 2 ω and 3 ω can be calculated from 2 3 sin cos
The coordinates of contact point P are, in system Cxzy , given by ( Figure 2) ( )
where sgn h h θ = and in system O they are XZY
Coordinates ( ) 
Note that (5) 3 and (6) 3 are also the equations expressing conditions for contact between the disk and plane. Thus, in the case of contact, 
where g is gravity acceleration, m mass of disk, and and principal radii of gyration of the disk given by
Because is given by (7)
Cz v 2 , (8) 3 can be used to express the normal reaction force .
By noting that
The unilateral contact between the disk and the plane is maintained by the condition that the normal reaction is positive; i.e., . 0 z F > From (8) and (9) 
Since energy can not increase, both of the following inequalities must hold
In what follows, the dimensionless form of the equations will be used. They are C  C  1  2  3 , , , , , , , , , , , , , ,
which could be (at least numerically) integrated when the initial conditions are specified and the additional five constitutive equations for calculation of friction force t F and contact moment M, which fulfils inequalities (14) , are given. However, in the case of steady motion, which is the interest of this paper, the energy should be constant. Thus from (12) and (14) 
The non-zero components of velocity of point P are from (6)
Further, from (8) 
and then coordinates of point P, by using (17) and (22), in the form
where
This shows that points C and P describe concentric circles originating at point 
Rough Ground
In the case of rough ground, besides P 0 0 
From (19) 2 the non-zero friction force component is
demonstrating that y F is directed toward point A. The condition for steady motion (20) 2 can be, by using (10) and (16), written in the form
Equations (26), (28) and (29) 
Smooth Ground
On smooth ground , so from (19) 0 
Small Oscillations about Steady Motion
The solution for small oscillations about steady motion will be obtained in the usual way by assuming the solution of system (8) 
Rough Ground
On rough ground the instantaneous contact point P is at rest; i.e., .
Using this, the velocity components of point C are given, from (6) 
When these are substituted into (8) 
For these equations agree with those of O'Reilly ( [13] ). When (36) is substituted into (38) and higher order terms are neglected one obtains 
Here ϖ is the angular frequency of steady oscillation and is given by ( ) ω > , which agrees with values given by other authors ( [8] , [13] , [14] ). In the case of circular motion, discussed in section 3.2.1, two cases were distinguished. When 0 p h = and C r r P = the motion will be stable if 
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Since the denominator of (45) is always positive, stability is controlled by its numerator.
Thus, for stability 
2 Smooth Ground
On smooth ground the friction force is zero 0
x y F F = = . Hence, by using from (11) , 
where ϖ is the angular frequency of steady oscillation given by ( ) 
Conclusion
The article provides a complete study of steady motion and the stability of steady motion for a disk of finite thickness on rough and smooth surfaces. It was shown that the derived formulas for the condition of steady motion and stability of such a motion in limit cases agrees with those known for an infinitely thin disk. In addition, it was 
